Controversy exists regarding the extent and possible causal relationship between gastrointestinal symptoms and autism. A randomized, double-blind, placebo-controlled, parallel groups, dose-ranging study of oral, human immunoglobulin (IGOH 140, 420, or 840 mg/ day) was utilized with 125 children (ages 2-17 years) with autism and persistent GI symptoms. Endpoint analysis revealed no significant differences across treatment groups on a modified global improvement scale (validated in irritable bowel syndrome studies), number of daily bowel movements, days of constipation, or severity of problem behaviors. IGOH was well-tolerated; there were no serious adverse events. This study demonstrates the importance of conducting rigorous trials in children with autism and casts doubt on one GI mechanism presumed to exert etiological and/or symptomatic effects in this population.
Introduction
While the etiology of autism is unknown, the disorder is thought to result from multiple genetic and environmental factors. There is some preliminary evidence suggesting that exposure to viral or bacterial pathogens may play a role in triggering the disorder in a small subgroup of individuals with autism (Folstein and Rutter 1997; Sandler et al. 2000; Singh et al. 1998; Sweeten et al. 2004; van Gent et al. 1997) . One prominent theme that has appeared in the literature as well as in the popular press has been a possible ''gut-brain'' linkage in a subgroup of children. Interestingly, gastrointestinal (GI) abnormalities are frequently reported in children with autism, although the reported prevalence of GI symptoms in these subjects varies widely (Horvath and Perman 2002; Molloy and Manning-Courtney 2003; Taylor et al. 2002; Valicenti-McDermott et al. 2006) . Most of these studies have relied on either parental recall or medical records review and are often subject to referral bias (as most studies have only included children with autism who were referred with GI problems). A review of this literature by Kuddo and Nelson (2003) found no available reports of the prevalence of GI symptoms in a representative sample of children with autism and appropriate controls and to date there has been no published, well designed prospective study to determine the incidence and prevalence. Despite a lack of controlled data, many clinicians and researchers within the autism field feel that nutritional and GI issues remain a significant concern for this population (Erickson et al. 2005) . In fact, the Autism Treatment Network (funded by Autism Speaks), will be implementing a standardized autism diagnostic protocol that emphasizes the need to assess often overlooked co-morbid medical disorders. GI disorders are among the required areas that will be addressed in this assessment.
As the etiology of autism is unknown, there are many unapproved and unproven treatments offered for these patients, such as heavy metal detoxification and various nutritional therapies (Aman 2005) . There is little, if any, evidence-based support for these interventions in autism, although there are anecdotal reports on their effectiveness (Christison and Ivany 2006; Levy and Hyman 2003) . Treatments to alleviate GI symptoms present in some children with autism are often recommended based upon suggestions that the underlying GI dysfunction has histopathological and immunological characteristics that resemble inflammatory bowel disease (IBD) (Furlano et al. 2001; Horvath et al. 1999; Torrente et al. 2002) . However, the relationship between IBD and autism remains tenuous (Erickson et al. 2005) .
Despite this controversy, there are claims of a specific GI immunopathology associated with autism that suggest treatments such as oral immunoglobulin, may prove to be effective in treating the GI dysfunction in children with autism (Borowitz and Saulsbury 1991; Guarino et al. 1994; Losonsky et al. 1985; Tacket et al. 1988; 1992; Tjellstrom et al. 1993 Tjellstrom et al. , 1997 . There is some evidence to support the use of oral immunoglobulin in other GI disorders, but in many of these disorders the etiology and pathophysiology are better characterized, such as rotavirus diarrhea, chronic diarrhea in children with short-gut syndrome, and pseudomembranous colitis due to Clostridium difficile. The use of immunoglobulin has not been studied in well controlled trials in patients with IBS. Oral immunoglobulin appears to be well-tolerated with no serious side effects reported in low birth weight neonates (Barnes et al. 1982) , children and adults with serious intestinal infections (Borowitz and Saulsbury 1991; Guarino et al. 1994; Losonsky et al. 1985; Tacket et al. 1988; 1992; Tjellstrom et al. 1993 Tjellstrom et al. , 1997 , and in healthy adult volunteers (Bogstedt et al. 1995) . Schneider et al. (2006) previously conducted an 8 week prospective open-label pilot study using oral immunoglobulin (Oralgam) in 12 children with autism and persistent GI dysfunction. Nine of 12 subjects completed the pilot study. Eight of the 9 subjects had significant improvement in GI signs and symptoms and 6 of 9 met criteria for clinical response or remission. The high percentage of responders and the apparent sustained effect (4 weeks) after end of therapy suggested the possibility of a treatment effect beyond the anticipated high placebo effect. Based upon these preliminary results, a doubleblind, placebo-controlled trial was designed. The aim of this study was to determine whether a 12 week treatment with oral immunoglobulin would result in a significant, dose-dependent reduction from baseline in GI signs and symptoms in a group of 125 children with autism and GI dysfunction in comparison to placebo. We hypothesized that oral immunoglobulin would reduce clinical signs and/ or symptoms of GI dysfunction associated with autism. In addition, we hypothesized that there would be secondary behavioral improvement (e.g., decreased agitation and irritability) in those children who were responders to treatment.
Methods
This was a randomized, double-blind, placebo-controlled, parallel groups, dose-ranging study conducted across 12 centers in the United States. Local institutional review boards or a central IRB (Western IRB, Seattle WA, USA) approved the protocol. Written, informed consent was obtained from each subject's parent or guardian. Male and female subjects 2-17 years of age inclusive were recruited for the study. Following a 2 week screening period, subjects were randomized to treatment with placebo or oral human immunoglobulin (IGOH; Oralgam) 140, 420, or 840 mg/day for 12 weeks. Each capsule contained 140 mg of IGOH or placebo and was administered in divided doses of 3 capsules in the morning and 3 capsules in the evening. IGOH consisted of IVIG in 60% sucrose (stabilizer) lyophilized into a white powder. Placebo consisted of sucrose and was similar in appearance, taste, and consistency to the active treatment. Patients unable to swallow capsules were allowed to open the capsules and sprinkle the powder in liquid or on food. The dosing was based on results from an uncontrolled pilot study (Schneider et al. 2006) showing what appeared to be some efficacy and a sustained effect with a 420 mg/day dose of IGOH. A review of the literature suggested that we could expect up to 70% of the IGOH to survive functional and intact through the GI tract. The 140 mg/day dose was included in the current study to determine if similar effects could be obtained with less medication. The 840 mg/day condition was included to determine if a higher dose might lead to greater clinical benefit. All doses were made in multiples of 140 mg, as this was the maximum amount that could be placed in a capsule. A computerized system was used to assign and verify 1:1:1:1 randomization, with subjects balanced by site and by age (2-11 years and 12-17 years, inclusive).
Subjects meeting diagnostic criteria for autism per DSM-IV (APA 2000) based on history and examination by clinicians experienced in the diagnosis of autism, and corroborated by standard cutoff scores on the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al. 1994) , were eligible for inclusion. Additional inclusion criteria included a clinician Clinical Global Impression scale of Severity (of autistic symptoms) of C3 (Arnold et al. 2000) and a history of chronic, persistent GI disturbance based on Rome II Criteria for the diagnosis of irritable bowel syndrome. These criteria included GI disturbance of C6 weeks duration, which did not need to be consecutive, during the last 3 months of either (1) constipation predominant (defined as B2 bowel movements (BM) per week described as lumpy or hard), (2) diarrhea predominant (defined as C3 loose BM/day or C1 watery BM/day), or (3) alternating periods of constipation and diarrhea as defined above. In addition, at least one of the following needed to be present: abnormal gaseousness, bloating, or symptoms of moderateto-severe abdominal pain or discomfort. Prior to entry, each subject's parent or caregiver agreed to no elective changes in medication, diet intervention, or behavioral therapy for the duration of the study. GI symptoms were confirmed during a 2 week baseline, during which daily data were entered by the parent using a Palm Pilot (which immediately downloaded entries into a central database).
Exclusion criteria included evidence of a GI infection based on stool laboratory tests at baseline, a known diagnosis of other GI pathology, current use of antibiotics or antifungal medications, chelation therapy, medication affecting GI transit (stool softeners and bulking agents were permitted if constant doses were used for C30 days prior to the screening visit and no changes in dosing was planned during the course of the study), changes in diet intervention within 30 days prior to the screening visit, or changes in alternative medical therapies. Alternative medical therapies were permitted (e.g., gluten-casein free diets, vitamin supplements) as long as constant doses had been used for C30 days prior to the screening visit and no changes were made during the study. Treatment with psychotropic medication was allowed only if taken in a stable dose and employed for C30 days prior to the screening visit (with the exception of fluoxetine which must have been taken in a stable dose and employed for C5 weeks prior to the screening visit). Additional exclusion criteria included a DSM-IV diagnosis of a pervasive developmental disorder other than autism, evidence of a seizure disorder, Fragile 9 syndrome, Tuberous Sclerosis Complex, liver or pancreatic disease, cystic fibrosis, chronic infection, previous GI surgery with the exception of fundoplication, appendectomy, gastrostomy, endoscopy, pyloromyotomy, or herniorraphy, pregnancy, participation in another investigational study within 60 days prior to the screening visit, IgA deficiency (serum IgA \ 5 mg/dl), a history of severe hypersensitivity to human immunoglobulin, treatment with any human immunoglobulin and/or immunoglobulin products within 90 days prior to the screening visit, or any concurrent medication that would compromise tolerance of drug or compliance with the protocol. The above information was obtained via parental report, with the exception of the diagnosis of autism (which was confirmed by study staff). During the 2 week screening period additional exclusion criteria were applied for entry into the double-blind treatment period. Subjects were not eligible for study participation if any of the following occurred: clinically significant abnormal laboratory test values, failure of parent or guardian to record at least 11 of 14 days of daily diary assessments or the weekly assessments during the screening period, a GI Symptoms Score of \5 for week-2 and/or week-1 of the screening period, a MGIS score of moderately or substantially improved during week-2 and/or week-1 of the screening period, parent or guardian's inability or unwillingness to follow directions or inability to understand how to use the electronic diary data entry system.
The MGIS was based upon an assessment tool used for IBS patients and validated in controlled IBS trials (Gordon et al. 2003) . The MGIS utilizes a 7-point Likert scale answering the question: ''Please consider how your son or daughter felt this past week in regard to symptoms of abdominal discomfort, pain and altered bowel habit. Compared to the way he or she usually felt before entering the study, are his or her GI symptoms this past week substantially worse, moderately worse, somewhat worse, unchanged, somewhat improved, moderately improved, or substantially improved?'' Each subject was considered a responder if he or she was moderately improved or substantially improved on at least 2 of the last 4 assessments or somewhat improved for all of the last 4 assessments of the MGIS. The GI Symptoms Score included variables of stool frequency, stool consistency, abdominal pain/discomfort, and gas and/or bloating (instruments available on request from co-author, RM).
The following dependent measures were collected:
1. MGIS: The MGIS score served as the primary endpoint of the study. The primary endpoint was the clinical response to study treatment after 12 weeks of therapy in the intent-to-treat population (ITT). The MGIS was completed by parents and used to assess weekly status in GI signs and symptoms. 2. Weekly GI Symptoms Assesment: In addition to the MGIS as the primary endpoint comparing the patient's condition to baseline, a weekly assessment using MGIS was also used to compare the patient's condition to the previous week. A weekly daily GI symptom score was also obtained from parents for the following: (a) abdominal pain/discomfort using a 7-point Likert scale, (b (4 items). It is sensitive to psychotropic intervention and has very good reliability and validity (Aman et al. 1985b) . A Clinical Global Impression of Improvement (CGI-I; Guy 1976a, b ) was completed at each study visit by both parent and clinician, based upon the severity of behavioral problems. The CGI-I is often utilized in studies of psychotropic drugs and often serves as the main outcome measure in pharmacological trials (Aman and Pearson 1999) . Improvement is scored on a 7-point scale which ranges from ''very much improved'' (1), through ''no change'' (4), to ''very much worse'' (7). CGI-I ratings were based on changes in the child's associated maladaptive behaviors, plus autism symptomatology. 5. General Safety and Tolerability: Safety and tolerability were monitored by physical examination (performed at screening, baseline and every 4 weeks) and clinical laboratory tests (performed at screening and Week 12). Additionally, adverse experience assessments were recorded at all visits. An adverse event (AE) was defined as any untoward medical occurrence or unintended change from the subject's baseline (pre-treatment) condition, including concurrent illness, that occurred during the course of the study, whether considered related to study treatment or not.
Data Analysis
The primary endpoint (MGIS score at week 12) was analyzed using a Cochran-Armitage test for trend. Linearity was first tested using a logistic regression analysis in which both linear and quadratic terms for dose were included. Proof of non-linearity was established when the quadratic term was statistically significant. When the quadratic term was not significant, the Cochran-Armitage test was used to assess the primary outcome, with logistic regression used in any secondary analyses requiring the inclusion of covariates. Efficacy was assessed in the ITT population. A second, per protocol, subject analysis was performed on individuals who met the criteria for being clinically evaluable (CE). The CE population was defined as all randomized subjects who fulfilled the following criteria: C8 weeks of double-blind treatment, compliance of C75% of prescribed study medication, \4 consecutive days of missed therapy during the treatment period; compliance with the requirement for daily diary entry, C14 days of entry during the last 4 weeks of treatment; and no use of disallowed medication affecting GI motility during the last 4 weeks of treatment. All statistical tests were two-sided with a p value B.05 considered statistically significant. The sample size was based upon the results of our previous pilot study and was pre-determined assuming a variance in placebo response rate between 20 and 40%. A sample size of 30 subjects per treatment group was predicted to provide 80% statistical power to detect a significant dose-response relationship involving the following absolute differences in response rates relative to placebo: 4-6% for 140 mg/day, 14-17% for 420 mg/day, and 32-33% for 840 mg/day. Furthermore, we expected that 96 subjects (80%) would be CE.
Results
A total of 192 subjects were screened for eligibility, 125 subjects were randomized (ITT), 100 (80%) subjects completed the study, and 82 (65.6%) subjects were CE.
The primary reasons for screen failure were (1) GI symptom score less than 5 during the screening period and (2) parent/caregiver withdrawal of consent. A similar number of withdrawals occurred in each study group: 140 mg/day, n = 5; 420 mg/day, n = 8; 840 mg/day, n = 7; placebo, n = 5. The most common reason for discontinuation was the withdrawal of consent by the subject or guardian (10 of 25 discontinued subjects). Termination due to adverse events was the second most common reason for discontinuing the study (8 of 25 discontinued subjects). Patient demographics were similar across all treatment groups, although within each treatment group, substantially more males, Caucasians, and children 2-11 years of age were enrolled (Table 1) . For reference, regression-onset of autistic symptoms was defined as a parental report of a sudden regression or plateau of the child's language, social, and play skills (based upon the results of the regression section of the ADI-R). Similar to the ITT population, the CE population had comparable patient demographics within each treatment group (for brevity, data not shown).
There was no significant difference between placebo and any active dose of IGOH in the primary endpoint, overall clinical response to treatment based on MGIS score at week 12 ( Fig. 1) , in the ITT population (140 mg/day, p = .39; 420 mg/day, p = .19; 840 mg/day, p = .44). Additionally, there was no significant benefit of all active treatments combined compared with placebo (p = .22) nor was there an effect of increasing IGOH doses compared to placebo using a trend analysis (Cochran-Armitage doseresponse trend p = 0.52). Similar results were observed for the CE population. There was also no difference in the time to clinical response in either the ITT or CE population (p = .27-.33, respectively; data not shown). The clinical response was also evaluated by subgroups, including age group, predominant bowel type, and subjects with regression-onset of autistic symptoms. Table 2 shows that (a) in subjects 2-11 years of age, (b) 12-17 years of age, or (c) with regression-onset of autistic symptoms, there was no significant treatment effect (based upon MGIS score) in the ITT population (p = .36, .58, .85, respectively). There was also no significant difference in clinical response to treatment by predominant bowel type in the ITT population (diarrhea, p = .69; constipation, p = .22; alternating, p = .79) Similar results were obtained from the CE population (data not shown). No site differences were found in regard to either randomization or treatment effects.
Gastrointestinal signs and symptoms uniquely relevant to the study participants were also assessed. IGOH, compared with placebo, did not demonstrate any beneficial effect in any measurement of GI symptoms. In each measurement, global assessment of abdominal pain or discomfort, global assessment of bowel habit, and satisfaction with resolution of GI symptoms (Fig. 2) , there was a trend for improvement in GI signs and symptoms throughout the study, but there was no apparent difference between treatments. Finally, none of the ABC subscales revealed any significant beneficial effect of IGOH compared with placebo, although the overall symptom scores improved (decreased) during the treatment period for all treatment groups.
Each subject's improvement in problem behavior was also assessed by both the clinician and the parent (Table 3) . At week 12 there was no significant treatment effect in physician CGI-I scores (p = .50). Additionally, there was no difference in physician CGI-I scores at Week 12 by age group (2-11 years of age, p = .60; 12-17 years of age, p = .32) or by bowel habit (diarrhea predominant, African-American 2 (6.5) 1 (3.1) 0 (0) 0 (0) Asian 0 (0) 1 (3.1) 0 (0) 0 (0) Hispanic 4 (12.9) 2 (6.3) 2 (6.5) 1 (3.2)
Other 2 (6.5) 0 (0) 2 (6.5) 3 (9.7)
Predominant bowel pattern, n (%) p = .88; constipation predominant, p = .32; alternating, p = .44). Conversely, the overall parent CGI-I score at
Week 12 revealed a significant difference (p = .047). However, this effect was due to the improvement in the placebo-treated subjects (57.1% reported being very much improved or much improved). Analysis of the parent CGI-I scores by predominant bowel habit revealed no significant treatment effect in the diarrhea predominant subgroup (p = .28) or alternating subgroup (p = .28), yet a significant placebo effect was observed in subjects in the constipation predominant subgroup (63.6% of subjects very much improved or much improved, p = .03). Treatment with IGOH was generally well-tolerated. The majority of subjects (C74.2%) reported C1 treatment- Fig. 2 Satisfaction with resolution of GI symptoms in the ITT population. Satisfaction with resolution of GI symptoms: 1 (very satisfied), 2 (somewhat satisfied), 3 (somewhat dissatisfied), 4 (very dissatisfied). No treatment effect. Values reported as mean ± standard error J Autism Dev Disord (2009) 39:796-805 801 emergent AE and there was no difference between treatment groups in the number of subjects with C1 treatmentemergent AE (140 mg/day, 77.4%; 420 mg/day, 74.2%; 840 mg/day, 74.2%; placebo, 80.6%). Furthermore, there were no treatment-emergent serious AEs and few subjects discontinued the study due to AEs (140 mg/day, n = 2; 420 mg/day, n = 2; 840 mg/day, n = 3; placebo, n = 1). The most common treatment-emergent AEs by organ system class were related to infections and infestations, GI disorders, and psychiatric disorders (Table 4 ). Within the infection and infestations organ system class, the most common AEs were viral gastroenteritis (8 subjects) and bronchitis (4 subjects). The most frequent GI disorder AEs were diarrhea (21 subjects), constipation (9 subjects), and vomiting (7 subjects). Treatment-related AEs were also assessed with no difference noted among treatment groups.
Discussion
Variable rates of gastrointestinal abnormalities have been reported in children with autism. It is unknown if there is a pathophysiological relationship between the two or if they are unrelated, co-existing disorders in a subgroup of these children. The literature suggests a possible link between the GI mucosal immune system, GI dysfunction, and autism, but this link remains controversial and the data are far from conclusive (Ashwood et al. 2003; Linday et al. 2001 ; Minimally, much, or very much worse 1 (3.4) 2 (6.9) 2 (7.6) 4 (14.3) a Only patients who were clinically evaluable (CE) were included in the analysis b There was no statistically significant difference in the physician CGI-I among treatment groups (p = .50) c There was a statistically significant difference in the parent CGI-I among treatment groups (p = .047). This was primarily due to the large improvement in the placebo group Skin and subcutaneous tissue disorders 3 (9.7) 8 (25.8) 2 (6.5) 2 (6.5) 0.06
General disorders and administration site conditions 2 (6.5) 3 (9.7) 5 (16.1) 1 (3.2) 0.32
Nervous system disorders 0 (0) 2 (6.5) 2 (6.5) 3 (9.7) 0.42 Injury, poisoning, and procedural complications 1 (3.2) 2 (6.5) 0 (0) 3 (9.7) 0.32 Investigations 1 (3.2) 1 (3.2) 0 (0) 2 (6.5) 0.56
Metabolism and nutrition disorders 1 (3.2) 1 (3.2) 1 (3.2) 1 (3.2) 1.00
Eye disorders 0 (0) 1 (3.2) 2 (6.5) 0 (0) 0.29 Blood and lymphatic system disorders 1 (3.2) 1 (3.2) 0 (0) 0 (0) 0.57
Renal and urinary disorders 2 (6.5) 0 (0) 0 (0) 0 (0) 0.11
Ear and labyrinth disorders 0 (0) 1 (3.2) 0 (0) 0 (0) 0.39
Immune system disorders 0 (0) 1 (3.2) 0 (0) 0 (0) 0.39
Vascular disorders 0 (0) 0 (0) 0 (0) 1 (3.2) 0.39 Sandler et al. 2000) . A prospective, open-label, pilot study of oral, human immunoglobulin demonstrated potential as a possible treatment for children with GI dysfunction associated with autism who had failed traditional medical treatment (Schneider et al. 2006) . Based upon those preliminary results, this large, randomized, placebo-controlled trial was conducted to examine the effects of oral immunoglobulin in subjects with GI dysfunction and autism. Twelve weeks of treatment with IGOH (140, 420, and 840 mg/day) was not superior to placebo in reducing GI signs and symptoms in subjects 2-17 years of age with autism. Analysis of subgroups, such as by age and predominant bowel type, also did not reveal any beneficial effect of IGOH compared with placebo. Furthermore, IGOH was not superior to placebo in improving measures of autistic behavior as assessed by both the physician and the parent. Although the study was adequately powered and designed to address the primary endpoint of bowel function, we did not detect a beneficial effect of IGOH compared with placebo. Additionally, in an effort to detect any treatment effect by specific population, we performed subgroup analyses. Again, IGOH was not found to be superior to placebo on any of the variables assessed. Thus, not only was there no overall treatment effect, there was not a specific subgroup population within the study that was more responsive to treatment with IGOH. Behavioral concerns, as assessed by the ABC and clinician and parent CGI-I, tended to improve during the study (i.e., as a function of time), but improvement occurred in all treatment groups and was not dose-related. Overall, there was no significant difference between treatment groups on any of the ABC subscales or on the CGI-I.
We can reasonably assume that the immunoglobulin was reaching the intestinal mucosa, as immunoglobulin has been shown to remain intact when administered orally Losonsky et al. 1985; Tacket et al. 1988 ). Thus, if the hypotheses were correct, we expected to see indications of a dose-response effect, even if the IgG survival rates were low. Conversely, it was intriguing that the highest doses of IGOH consistently were the least responsive in almost all variables assessed. Thus, it is unlikely that we may have missed a minimally effective dosage for these children. The most parsimonious conclusion is that IGOH was not helpful for these children. Despite the fact the children in this study had substantial GI symptom scores at baseline using validated GI measures, this calls into question whether their GI symptoms shared a single etiology in this group, or whether there is even a single GI condition associated with Autism.
Despite a lack of efficacy, IGOH was well-tolerated. The number of subjects with any AE was similar across all treatment groups. Additionally, there were no subjects with treatment-emergent serious AEs and only eight subjects discontinued the study due to AEs. These findings are in agreement with previous reports examining oral immunoglobulin in neonates (Barnes et al. 1982 ) and children or adults with serious intestinal infections (Borowitz and Saulsbury 1991; Guarino et al. 1994; Losonsky et al. 1985; Tacket et al. 1988; 1992; Tjellstrom et al. 1993 Tjellstrom et al. , 1997 .
Limitations
Despite the negative results, the current study is one of the largest, randomized, placebo-controlled, clinical trials conducted within the field of autism. The relatively large sample size in this study allowed for a number of subgroup analyses, as it is possible that children with certain demographic and/or behavioral characteristics might differentially respond to various treatment modalities. The placebo effect of *40% is rather high in comparison to other recent autism trials (e.g., Posey et al. 2007; RUPP 2002) . One common challenge (and limitation) in conducting studies in non-communicating patients with AD is the reliance on third-party assessments. While the reports of diarrhea and constipation may be fairly reliable (as they are based upon observable events), ratings of bloating, abdominal pain, etc. are more subjective and inherently less reliable. Another limitation is the challenge of making an accurate diagnosis of autism in children as young as 2 years of age. First, it should be noted that the youngest child randomized was 2 years 4 months of age and that only five (5) subjects under 3 years of age were screened and only 2 of these 5 were randomized. Second, only subjects with diagnoses of autism were enrolled (as opposed to PDD-NOS), making a false positive diagnosis less likely.
An additional potential limitation was the lack of evaluation by a gastroenterologist at baseline who might have detected more specific gastrointestinal issues (e.g., gastroesophageal reflux disease, eosinophilic esophagitis). Also of note was the somewhat low proportion of ''completers'' (CE) in comparison to the ITT group. The study had rather stringent criteria to be classified as a completer. Hence, those in the ITT group did not necessarily drop out of the study, but simply did not meet CE criteria (e.g., taking C75% of prescribed study medication, less than 4 consecutive days of missed doses during the treatment period; compliance with the requirement for daily diary entry). Finally, this group constituted an unusually high rate of children who were classified as experiencing regression of skills during the first years of life (and, therefore, may not be as representative of the autistic population). This determination was based upon parental responses on the ADI-R, which inquires about skill loss across a range of domains. As this group of children all met diagnostic criteria for autistic disorder, the rate of reported skill regression might be expected to be greater than that found among children within the entire PDD spectrum. Yet, it is also possible that children with autism who report GI problems are more likely to have experienced a regression in skills.
Clinical Implications
IGOH does not appear to be an effective treatment for children with autism and GI dysfunction. Additionally, there does not appear to be a subgroup of children with autism for whom such a treatment may be warranted. There is a need in this field to follow promising, open-label findings with well controlled studies. This is especially true in the field of developmental disabilities, where the use of controversial and unproven treatments is frequently the norm. Appropriate treatment for GI dysfunction in children with autism remains an unmet medical need. In the absence of other experimental treatments in research, perhaps the next step to be taken, prior to conducting additional treatment studies, is to more carefully assess and understand possible underlying causes and pathophysiology of the GI dysfunction, including characterization of any immune dysfunction in this population if such exist.
